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1
PIEZOELECTRIC STEP MOTOR

FIELD OF THE INVENTION

The present invention relates to the field of electric motors
and more specifically relates to piezoelectric stepping
motors.

BACKGROUND OF THE INVENTION

Known 1n the art 1s a piezoelectric stepping motor com-
prising a power supply unit, a rotor, a stator, propulsive
bimorph piezoelectric cells and fixing elements (SU, A,

769665).

However, 1n this piezoelectric stepping motor the bimorph
piezoelectric cell has msignificant contact with the rotor that
results 1n nonuniform steps of the angular displacement of
the rotor.

Also known 1n the art 1s a piezoelectric motor which stator
comprises a cylindrical hollow cylinder having inside a
cylindrical rotor frictionally interacting with the stator (SU,

A, 573828).

However, this piezoelectric motor operates through the
shifting and radial oscillations of the rotor and stator and
their frictional interaction, 1n which case 1t 1s 1impossible to
provide uniform angular displacement of the rotor and its
accurate positioning.

SUMMARY OF THE INVENTION

The basic object of the present invention 1s to create a
piezoelectric stepping motor which constructive embodi-
ment would allow to stmplify the design and manufacturing
technology, to obtain a high torque at small dimensions and
mass of the motor while providing a uniform rotation of the
rotor and 1ts motion 1n the reverse direction.

This object 1s achieved by providing a piezoelectric
stepping motor comprising a housing, a stator 1n the form of
a cylindrical piezoelectric hollow cylinder having mside a
cylindrical rotor frictionally interacting with the stator, in
which motor, according to the invention, the stator com-
prises at least two rotary-fixing piezoelectric units, which are
arranged 1nside the housing, one after another in the longi-
tudinal plane each piezoelectric unit comprising a rotary and
a fixing piezoelectric cells, insulators and a friction element.

The piezoelectric units may be made i the form of
sectors.

The gaps between the piezoelectric units are preferably
filled with an elastic insulating material.

The piezoelectric cells may be made 1n the form of a set
of piezoelectric rings and their sectors which electrodes are
connected 1n parallel alternately, 1n which case the direction
of polarization of each successive piezoelectric ring or
sector 1s opposite to that of the previous one.

The rotor may have at least one guide which enters the
corresponding guide on the friction elements.

Such constructive embodiment of the stepping motor,
according to the invention, would allow to simplity the
design and the manufacturing technology, to obtain a high
torque at small dimensions and mass of the motor while a
providing uniform rotation of the rotor and its motion in the
reverse direction.

BRIEF DESCRIPTION OF THE DRAWINGS

The 1nvention 1s further described by way of example
with reference to the accompanying drawings, 1n which:

FIG. 1 1s a front view of the piezoelectric stepping motor
according to the mvention;
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2

FIG. 2 1s a longitudinal section of the motor of FIG. 1;

FIG. 3 1s a front view of another embodiment of the
motor;

FIG. 4 1s a longitudinal section of the motor shown 1n
FIG. 3;

FIG. § 1s the first time step of the operation of the
piezoelectric stepping motor, two cross-sectional views of
the first and second rotary-fixing units;

FIGS. 6-10 are other time steps of the operation of the
piezoelectric step motor.

THE BEST EMBODIMENTS OF THE
INVENTION

The piezoelectric stepping motor, according to the
invention, comprises a cylindrical housing 1 (FIG. 1), a
stator 2 and a rotor 3 1n the form of a cylindrical rod. The
stator 2 (FIG. 2) is made in the form of two rotary-fixing
piczoelectric units 4 and 5. Each piezoelectric unit 4 and 5
consists of a piezoelectric cell 6, a fixing piezoelectric cell
7, nsulators 8 and a friction element 9 connected to each
other. The rotary piezoelectric cells 6 have a polarization
vector extending at an angle to the longitudinal plane of the
motor. The fixing piezoelectric cells 7 have a radial polar-
1zation vector. The friction element 9 1s made 1n the form of
a split ring that can tighter squeeze the rotor 3.

The gaps between the rotary-fixing piezoelectric units 4
and § are filled with an elastic insulating material 10. The
rotor 3 1s provided with guides 11 1n the form of a projection
to exclude the axial shift of the rotor. These guides 11 enter
the corresponding guides in the friction elements 9.

Each piezoelectric cell 6 and 7 has electrodes, to which
wires are connected (not shown in the drawings).

In another embodiment of the claimed motor, where
characters 2'-2' represent parts analogous to those repre-
sented by characters 2-7, respectively, of the first
embodiment, rotary-fixing piezoelectric units 4 (FIGS. 3 and
4) and §' are arranged in one transverse plane and made in
the form of sectors. This considerably reduces the dimen-
sions and mass of the motor,

The claimed motor using the first embodiment by
example operates as shown m FIGS. 5-10.

When a positive voltage 1s applied to the electrodes of the
piezoelectric cell 6, the 1nverse piezoelectric etfect results in
a shift of the inner part of the ring through an angle «.
counterclockwise with respect to the diametral line A A, 1n
which case the point B located on the mner part of the ring
1s displaced along the arc through the angle o counterclock-
WiseE.

When a negative voltage 1s applied to the electrodes of the
rotary piezoelectric cells 6 the inner part of the ring 1s shifted
clockwise through an angle o with respect to the diametral
line A, A, 1n which case the point B located on the inner part
of the ring 1s displaced through an angle o clockwise.

On applying a positive voltage to the fixing piezoelectric
cells 7 the rotor 3 1s squeezed, while when applying a
negative voltage the piezoelectric cells are pushed apart
from the rotor 3.

The working cycle consists of six time steps. The position
corresponding to the first time step 1s shown 1n FIG. 5. The
positive voltage 1s applied to the piezoelectric cells of the
piezoelectric unit 4, the piezoelectric cell 6 displacing the
fixing piezoelectric cell 7 through an angle a counterclock-
wise and the fixing piezoelectric cell 7 squeezing the rotor
3. The piezoelectric cells 6 of the piezoelectric unit 5 1s fed
with a negative voltage, while the fixing piezoelectric cell 7
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of the piezoelectric unit 5 1s fed with a positive voltage, the
rotary piezoelectric cells 6 displacing the fixing piezoelectric
cell 7 through an angle a counterclockwise and the fixing
piezoelectric cell 7 squeezing the rotor 3.

In the second time step the fixing piezoelectric cell 7
(FIG. 6) of the piezoelectric unit § 1s fed with negative
voltage so that it 1s pushed apart from the rotor.

In the third time step the negative voltage 1s applied to the
rotary piezoelectric cell 6 (FIG. 7) of the piezoelectric unit
4 which turns both the fixing piezoelectric cell 7 and the
rotor 3 through an angle 2a clockwise. In this case, a
positive voltage 1s applied to the rotary piezoelectric cell 6
of the piezoelectric unit 5, and the fixing piezoelectric cell
7 1s turned through an angle 2a counterclockwise.

In the fourth time step the positive voltage 1s applied to
the fixing piezoelectric cell 7 (FIG. 8) of the piezoelectric
unit 5, and the rotor 3 1s squeezed.

In the fifth time step the negative voltage 1s applied to the
fixing piezoelectric cell 7 (FIG. 9), and it is pushed apart
from the rotor 3.

In the sixth time step the positive voltage 1s applied to the
rotary piezoelectric cell 6 (FIG. 10) of the piezoelectric unit
4 thereby displacing it through an angle 2a counterclock-
wise. The negative voltage 1s applied to the rotary piezo-
electric cell 6 of the piezoelectric unit §, and 1t turns the rotor
3 through an angle 2o clockwise.

For one working cycle the rotor 3 1s turned through an
angle 4a. Then these cycles are repeated, in which case the
rotor 3 rotates clockwise. For reversing it 1s necessary to
change the sequence 1n applying the voltage to the fixing
piezoelectric cells 7.

To 1ncrease the power output the stepping motor may be
provided with additional piezoelectric units.

The piezoelectric stepping motor, according to the
invention, ensures a high torque on the rotor, a uniform
rotation, an exact positioning and a reversing.

In the description of the embodiments of the invention, for
better understanding, a specific narrow terminology 1s used.
However, the mvention 1s not limited by the accepted terms
and one should keep 1n mind that each such term covers all
cequivalent terms for the units working 1n a similar manner
and used for the solution of the same technical problems.

Although the present invention 1s described 1n connection
with preferable type of 1its realizations, 1t 1s clear that
changes and modifications may be made without deviation
from the 1dea and scope of the invention and those skilled 1n
the art may easily understand that.

These changes and modifications are considered not
extending beyond the essences and scope of the mvention
and the appended claims.

INDUSTRIAL APPLICABILITY

The invention can be used as a slave mechanism 1n
clectrical engineering, telemechanics, radio engineering and
automation.

What 1s claimed 1s:

1. A piezoelectric stepping motor comprising:

a) a housing having an inner surface;

b) at least two cylindrical, hollow rotary-fixing piezoelec-
tric units attached to the inner surface of the housing,
cach of the rotary-fixing piezoelectric units being 1n
separate transverse planes, each rotary-lixing piezo-
clectric unit having a cylindrical rotary piezoelectric
cell, a cylindrical fixing piezoelectric cell attached to
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4

the rotary piezoelectric cell, and a friction member
attached to the fixing piezoelectric cell; and

c) a rotor, which frictionally interacts with at least one
friction member, the rotary and fixing piezoelectric
cells of each rotary-fixing piezoelectric unit being
confligured to operate sequentially 1n order to rotate the
rotor.

2. A piezoelectric stepping motor, comprising;:

[

a) a housing having an inner surface;

b) at least two coplanar sets of rotary-fixing piezoelectric
sectors attached to the inner surface of the housing,
cach rotary-fixing piezoelectric sector having a rotary
piezoelectric cell, a fixing piezoelectric cell, and a
friction member attached to the fixing piezoelectric
cell; and

¢) a rotor, which frictionally interacts with at least one
friction member, the rotary and fixing piezoelectric
cells of each rotary-fixing piezoelectric sector being
configured to operate sequentially 1n order to rotate the
rotor.

3. The motor of claim 2, wherein the fixing piezoelectric
cells are disposed 1n the rotary-fixing piezoelectric sectors
between the rotary piezoelectric cells and the rotor.

4. The motor of claim 3, further comprising an insulating
material disposed between and separating the rotary-fixing
piezoelectric sectors.

5. The motor of claim 3, wherein the rotary piezoelectric
cells have an 1nner surface and a rotational vector of
polarization such that the inner surfaces of the rotary piezo-
clectric cells shift angularly when voltage 1s applied to the
rotary piezoelectric cells.

6. The motor of claim 3, wherein the rotor has at least one
cuide, and wherein at least one friction member has a guide
configured to frictionally interact with one of the rotor
ouides.

7. In a piezoelectric stepping motor having a longitudinal
axis, a rotor, and first and second sets of rotary-fixing
piczoelectric sectors, a method of rotating the rotor in a
single angular direction, comprising the steps of:

a) frictionally engaging the rotor with the first and second
sets of piezoelectric sectors;

b) releasing the rotor with the second set of piezoelectric
sectors, while the first set of piezoelectric sectors
remains Irictionally engaged to the rotor;

c) angularly shifting the first set of piezoelectric sectors in
the single angular direction while angularly shifting the
second set of piezoelectric sectors 1n an angular direc-
tion opposite to the single angular direction, thereby
rotating the rotor in the single angular direction;

d) frictionally engaging the rotor with the second set of
plezoelectric sectors;

¢) releasing the rotor with the first set of piezoelectric
sectors, while the second set of piezoelectric sectors
remains Irictionally engaged to the rotor; and

f) angularly shifting the second set of piezoelectric sectors
in the single angular direction while angularly shifting
the first set of piezoelectric sectors 1n an angular
direction opposite to the single angular direction,
thereby rotating the rotor in the single angular direc-
tion; and

g) repeating steps a) through f) to rotate the rotor in the
single angular direction.

8. In a piezoelectric stepping motor having a longitudinal

axis, a rotor, and first and second cylindrical piezoelectric
units, each cylindrical piezoelectric unit having a cylindrical
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piezoelectric rotary cell and a cylindrical piezoelectric fixing,
cell, a method of rotating the rotor in a single angular

direction, comprising the steps of:

a) frictionally engaging the rotor with the first and second
piezoelectric units;

b) releasing the rotor with the second piezoelectric unit,
while the first piezoelectric unit remains frictionally
engaged to the rotor;

¢) angularly shifting the first piezoelectric unit in the
single angular direction while angularly shifting the
second set of piezoelectric sectors 1n an angular direc-
tion opposite to the single angular direction, thereby
rotating the rotor in the single angular direction;
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d) frictionally engaging the rotor with the second piezo-
electric unit;

¢) releasing the rotor with the first piezoelectric unit,
while the second piezoelectric unit remains frictionally

engaged to the rotor;

f) angularly shifting the second piezoelectric unit in the
single angular direction while shifting the first piezo-
clectric unit 1n an angular direction opposite to the
single angular direction, thereby rotating the rotor in
the single angular direction; and

g) repeating steps a) through f) to rotate the rotor in the
single angular direction.
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